Hot spring basins lie along zones of faulting in the lava flows. The faulting has not had any appreciable effect on the general topography. However the alteration of the lava by the hydrothermal activity has made it much less resistant to erosion by streams flowing through the major geyser basins (Bauer 1948) .
The Firehole River rises in Madison Lake and flows in an essentially northerly direction until its junction with the Gibbon River at Madison Junction (Figure 1 ). For about twelve miles it flows successively through the Upper, Midway and Lower Geyser Basins. From the Upper Geyser Basin alone the river receives sixty-eight tons of mineral matter every twenty-four hours (Bauer 1948) . From this it can be inferred that the river follows a path of easy erosion and that its chemical and thermal characteristics are profoundly affected.
Some glaciation has occurred in the Firehole Valley, but no thorough study of this has been made. It is not possible at this time to evaluate The physical nature of the stream bottom is generally variable within each sampling station. The rubble and gravel designations follow the general lse of these terms (Needham 1938) .
Howev er, there does not seem to be any parallel for the bedrock formation in the Firehole River. This bedrock is lava which is very irregular, has many cracks and crevices, and often has projections or humps about the size of a piece of rubble. Thus there can be great variation in the amount of surface available for habitation in any two bedrock samples.
METHODS
The nine sampling stations were established in riffle areas above and below major influxes of thermal water into the river. It was possible to collect from all the stations during a single day, except for a few instances in the late fall and spring when because of inclement weather two or three successive days were needed to visit all of the sampling areas. One sample was collected from each station during each trip.
In any qualitative or quantitative study of this kind, one of the basic problems is the method of collecting a sample. The Petersen dredge (Petersen 1911), the Ekman dredge (Ekman 1911), and various square-foot samplers (Needham 1928 , Surber 1936 , Hess 1941 ) are commonly used. Ide (1940) introduced a cage-trap method whereby the emerging adults are caught. Ide's method appears to give a higher value for the quantity of bottom fauna present in an area than any one of the samplers described above. But it is not always practicable to erect permanent traps in a river and one of the bottom fauna samplers still seems to be the most practical method for sampling.
All the samples from the Firehole River were collected with a modified square-foot sampler (Hess 1941 ). The physical nature of the substrate was determined. When there was a mixture of bottom types, they were listed in order of abundance. These data are entirely subjective, no exact (quantitative means having been devised for measuring the amount of each bottom type in a sample. The collected material was emptied into a white bottom pan and sorted. The insects were preserved in 70 per cent alcohol with a few drops of formalin added.
Temperature was taken with a Taylor thermometer at the level of the sample. The Hellige Colorimetric Comparator was used to determine pH in the field. Alkalinity and oxygen were determined by the procedures presented in a mimeographed outline from the Department of Civil Engineering, University of Wisconsin, which are only slightly modified from "Standard Methods" (1955).
Other water samples were collected, preserved by the addition of chloroform and shipped to the University of Wisconsin. The chloroform prevents the changing of insoluble products into soluble by preventing bacterial action. About three weeks elapsed from the time the samples were collected until the analyses were made.
Upon return to the University of Wisconsin the organisms were identified (Pennak 1947 (Pennak , 1953 Needham et al., 1935 , Ross 1944 , Frison 1935 , counted, and weighed on Roller-Smith 100 or 1000 mg precision balances.
To obtain more information about the various factors influencing the ecology of the bottom fauna, two other streams were surveyed.
The Gardiner River presents a situation similar to that of the Firehole River. Located in northwestern Yellowstone National Park, it drains Terrace Mountain, a travertine formation built through hot spring-activity (Bauer 1948 and does not appear to have major deleterious effects. Table I shows the results of the chemical analyses made at the University of Wisconsin. The 1950 sample was collected August 18 when the water volume was low and the 1951 sample was collected June 29 when the water volume was high. At this latter date a larger amount of melted snow water contributed to the total volume than in the other sample. Although the larger volume of melted snow water might account for the generally lower values in the spring sample, it does not explain the absence of several of the nitrogen components in the fall sample. Rather it is likely the result of analytical errors. The phosphorus is particularly abundant and at such high concentrations is unlikely to be a limiting factor in the production of organisms. Three of the constituents, total solids, chloride, and alkalinity, show a progressive downstream increase. The increase is not continuous because of the diluting effect of side streams such as the Little Firehole River. Chloride at these concentrations has not been shown to have any effect on bottom fauna. Solids vary so much with the season of the year that this does not seem to be an ecological factor which lends itself to analysis or to correlation with bottom fauna distribution. However, alkalinity fluctuates less widely and may offer better opportunities for analysis.
A summary of the data collected on alkalinity, temperature, and pH is presented in Table II . In general, all of these show a progressive downstream increase. Alkalinity is represented entirely by methyl orange or bicarbonate alkalinity. The downstream increase can be attributed to the influx of hot spring water. Thirty-six analyses of Table IV. Table IV also gives some information about production. The total average weight of bottom fauna of the Firehole River increases about 870 mg/ft2 from the fall low to the spring maximum. This increase in the standing crop represents the minimum bottom-fauna production by the river over that period. A more accurate way of studying the minimum bottom-fauna production of a river is to collect emerging adults throughout the year. Since each adult began life in the river as an egg, the weight of the adult represents an absolute gain in mass. Sprules (1947) found that 66-79 percent of the insects emerged before July 17 and 20-33 percent between that date and September 11. This corresponds fairly well with bottom fauna numbers which are high in the spring and early summer, and low in the late summer. A comparison of the numbers of bottom-fauna found from May through July 20 with those present from July 20-September 15 shows that 63 percent of the numbers were present in the spring and 37 percent in the summer. From this at appears that the standing crop can give a fairly accurate indication of the level of productivity of bottom-fauna for a particular time of the year. In the fall the standing crop is reduced to its base level and the difference between that base level and the standing crop at any given time indicates the minimum net production for that period. However, standing crop does not give production data, but differences in the standing crop of insects from one sampling station to another, or from one river to another indicate the differences in the productivity (capacity to produce) of insects of the two areas. Thus the values in Table IV One factor which can markedly influence the level of the standing crop is predation. A situation could theoretically exist in which one stream with a much greater productivity, could have a much lower standing crop than a second stream of lower productivity because of the activities of predators. Hayne and Ball (1956) have demonstrated that this condition can occur with respect to bottom fauna in ponds. However, their calculations indicate that the more productive pond would also have a higher standing crop, but the rate of production was much higher in the more productive pond than the difference in standing crop would indicate. This paper by Hayne and Ball indicates that at any one time a pond can support a definite biomass of bottom organisms. As some of the biomass was removed by predation and undetermined factors, it was replaced. Their data do not show how the replacement occurred. One could postulate that increased growth of the remnaining organisms replaced the biomass that was removed.
In natural environments where several trophic levels exist, one would expect that the reproduction and growth of the bottom organisms would be adjusted to the various factors which regulate the population (see, for example, Lack 1954). Thus one would not expect to find the conditions established by Hayne and Ball occurring in natural environments, i.e., one environment (such as a stream) with predators and the other environment without predators. In summary, standing crop can indicate in a general way the relative productivity of insects of the bottom of streams, but the differences in standing crop are unlikely to be proportional to the differences in the rates of production.
Seasonal variation in standing-crop of bottomfauna seems well established. Needham (1934) found the greatest seasonal abundance for both numbers and weight in May and a lesser peak of abundance in November during a mild winter. A later study of the same riffle presented the same situation. Maciolek and Needham (1951) found an August low and a February high. Apparently samples were not collected later in the spring. All the streams studied in Yellowstone Park show the pattern of a fall low and spring high in total weight of organisms. The Upper Gardiner and Lava Creek both show a decrease in numbers, but an increase in weight. Both of these areas freeze in the winter and it is possible that the break-up of the ice might reduce the numbers but the remaining organisms are large enough to produce an over-all increase in weight. The Firehole River studied as a whole does show a very definite pattern. The numbers increase from summer to fall to spring while the mass decreases from summer to fall and increases to spring. The total weight in spring is higher than the summer weight.
The physical composition of the stream-bottom also influences standing crop. Studies by Needham (1928 Needham ( , 1929 Needham ( , 1934 "One sample of the sort described may be depended upon to yield a reasonably accurate index of the amount of food organisms produced per unit area of uniform bottom, but cannot be expected to provide a comprehensive picture of the relative numbers of individual species throughout the larger areas from which the sample is collected." Needham and Usinger (1956) determined the variability in macrofauna in a single riffle using the Surber sampler. They found that 194 samples were needed to give acceptable figures for total wet weight of organisms and 73 samples were needed to give significant figures for total numbers acceptable by their standards at 95% level.
There seem to be two reasons for this error. -One source of error is the variable efficiency of the sampler. A square-foot sampler on some types of stream bottom will take in either more or less than a square-foot because of the nature of the bottom. When the edge of the sampler falls on a rock, is that rock included in the sample, removed from the sample, or does the biologist attempt to collect only from that part of the rock within the limits of the sampler? WVhen one is working in swift current and must place the sampler with some force, there can be no doubt that considerable variation results in the amount of substrate that is included in the sample. The other source of error lies in the nature of the distribution of the bottom-fauna. A riffle is a series of intergrading communities. Any one square foot sample probably selects from several communities; another sample may select from different communities, or, if sampling is from the same communities, the constituents of the communities may be present in different proportions.
It seems clear from the above considerations that any quantitative analysis of distribution of bottom-fauna must be made with caution since it is impossible for a single biologist to collect enough samples to meet very rigid requirements of significance at the 95% confidence level for numbers or weight of organisms per square foot in a sampling area. However, some relationships between bottom-fauna numbers and weight and certain ecological factors seem to be emerging from the many studies of stream biology. Alkalinity is one of these factors which merits further discussion.
Alkalinity is a measurement of the bicarbonate ion which plants can utilize in photosynthesis. Unless there is some other chemical limitant (such as phosphorus), higher alkalinity results in an increase in the plant life of the stream-bottom. This furnishes an increased food supply and an increase in available surface for attachment. But there may be an upper limit, for Percival and Whitehead (1929) have shown that on thick beds of moss the standing crop of insect decreases and is much lower than the standing crop of insects on loose moss on rocks or of insects on loose stones. But within the limits of alkalinity of most mountain streams that have been studied to date, the insect fauna which is qualitatively determined by such factors as temperature, current, and bottom-composition increases in numbers and weight with increased alkalinity.
Other studies tend to support the concept of the positive influence of bicarbonate alkalinity on standing crop. Johnson and Hasler (1954) studied production of trout and standing crop of zooplankton in three small dystrophic lakes near the Michigan-Wisconsin boundary. Two lakes were treated with lime which increased their bicarbonate alkalinity. One of these lakes was a twin to the untreated lake which served as a control. The standing-crop of No. 2 net zooplankton expressed as grams of dry weight per square meter of lake surface was 0.81 in the treated twin lake and in the untreated twin with low er alkalinity it was 0.64. The other treated lake had a value of 0.77 g/m'. Borecky (1956) found a correlation between the densities of Cladocera and hydrogen ion, carbonate ion, and bicarbonate ion in Pymatuning Reservoir. These ions were interpreted as indexes of photosynthetic activity so that their effects were manifested in the food supply of the Cladocera. Frost (1945) found that a 200 gm wet weight moss sample from alkaline water (170 ppm alk.) had larger forms than a comparable sample from acid waters (14 ppm alk.). Both Trichoptera and Ephemeroptera were more abundant in the alkaline waters.
There have been numerous attempts to evaluate the relative importance of the various environmental factors in determining the quantity of bottom organisms. Linduska (1942) In the Firehole River, bicarbonates appear to be the main factor in determining total quantity of organisms. Other factors such as bottom-type and temperateure modify the activity of the bicarbonates. Our present knowledge is insufficient to allow us to distinguish factors of prime importance and of secondary importance, although the correlation between alkalinity and standing crop of bottom fauna indicates that alkalinity, as an indicator of available food, might be the prime factor. Any classification of factors in order of importance at present should be for local pragmatic use in stream management and not for the purpose of establishing an ecological principle.
SUMMARY
The Firehole River flows along a fault in a rhyolite lava plateau and through a series of centers of hydro-thermal activity. The runoff water from the hot springs flows into the river and profoundly changes its physical and chemical characteristics. This change is evident in the progressive downstream increase in temperature, pH, and alkalinity.
Nine stations for sampling bottom fauna were located along the river above and below all the major influxes of hot spring water into the river. The samples of bottom organisms were collected from July through October 1952, and in May 1953. The organisms were identified, counted, and weighed.
The Gardiner River and Lava Creek were surveyed to gather more information about the various factors influencing the ecology of the bottom-fauna. The Gardiner River was sampled above and below an inflow of hydro-thermal water. Lava Creek does not receive any hot spring water.
The average yearly standing-crop of the Firehole River and other Yellowstone Park streams was positively correlated with temperature and bicarbonate alkalinity, the latter being highly significant. Analysis of data from other streams and lakes further illustrated the influence of alkalinity on standing crop of organisms.
Standing crop, as expressed by weight, was shown to be high in the spring with a gradual decrease in the summer to a low in the fall. Another factor influencing the level of standing crop is the physical composition of the stream bottom. Rubble bottom had an average of 2.48 times the weight of organisms on bedrock.
The relative-density of Trichoptera, Ephemeroptera, Coleoptera, and Diptera was plotted against average alkalinity. Trichoptera had a statistically significant positive correlation, Ephemeroptera had a significant negative correlation, and Coleoptera and Diptera had a negative but nonsignificant correlation.
It was postulated that alkalinity might be the chief factor that determines the level of standing crop in a stream, but that this level can be highly modified by the action of temperature and current and by the physical composition of the stream bottom. Since all of the above mentioned factors interact to determine the level of the standing crop of bottom fauna, it does not seem possible to establish any system of stream classification based on a hierarchy of importance of the various environmental factors except for local pragmatic use in stream management.
INTRODUCTION
The desert pupfish, Cyprinodon macularius Baird and Girard, is a small teleost (usual length 20-30 mm) widely distributed in the Colorado River Basin. Its normal habitat is desert springs and drainages, but it has established itself in the Salton Sea and associated shore pools (Miller 1943) .
I frequently visited the shore pools during 1954 and 1955 in order to gather data for another problem. Causal observations of the pupfish revealed that they moved into and out of the shallow areas with some degree of predictability. Because of this the distribution of the fish at different times of the day was observed more carefully. At the same time changes in the water temperature were recorded. The objective of this paper is to describe the
